INTRODUCTION
Lately there has been an extensive investigation of polycondensation processes which give rise to a number of heterochain polym.ers. Among these are many compounds of great interest as substance<; with high thermal stability, interesting electrophysical properties, biological activity and so on.
Among the processes considered are interfacial polycondensation, dehydropolycondensation-and es pecially oxidative dehydropolycondensa tionas weil as polyrecombination and polycyclization reactions, and some others.
For clarity polycondensation should be understood as a process of high molecular compound formation, in which both the polymer and a low molecular product-most frequently water, hydrogen chloride, alcohol and similar substances-are isolated. Therefore, element composition of the polymer formed differs from that of the starting monomer or starting monomer mixture.
In general, polycondensation of two starting substances can be expressed by the equation:
xa-A-a + xb-B-b-+ a-(-AB-)x-b + 2(x-l)ab and if both the functional groups are in the same molecule of the starting substance, the equation then becomes as follows:
xa-A-b-+ a-(-A-)x-b + (x-l)ab Depending on the structure of starting su bstances and the reaction method, polycondensation can be carried out in two ways, and namely as ( i) equilibrium polycondensation, and (ii) non-equilibrium polycondensation.
Finally, there are probably some reactions, having indications of both polycondensation types, but, unfortunately, thesearestill poorly investigated.
Equilibrium polycondensation has a small equilibrium constant which is characteristic. Equilibrium polycondensation reactions are very numerous; polyamide or polyester formation occurring with heating by the reaction of dicarboxylic acids with diamines or glycols has been particularly thoroughly studied.
Non-eq uilibrium polycondensation has greater equilibrium and rate constants. At present, comparatively few non-equilibrium polycondensations have been investigated in detail. Formation of polyamides and polyesters from carboxylic acid chlorides and diamines or dihydric phenols by interfacial polycondensation or in solution-which proceeds rather fast-can be cited as examples of such reactions.
Further examples of polycondensation are known which, in spite of slow running, are to be regarded as non-equilibrium polycondensation. This is because the polymers obtained are stable under the reaction conditions and do not undergo hydrolysis or other destructive reactions such as interaction with starting substances or growing macromolecules. Because of such stability offormed macromo1ecules, there is no destructive nor other exchange reactions, and this fact accounts for the irreversible and non-equilibrium character of the process. These reactions include formation of various polymers by dehydropolycondensation, polyrecombination, polycyclization and others that will be discussed below.
Equilibrium polycondensation is a weil known classical method of polymer synthesis. It has been very extensively studied on a great number of materials, and its principal regularities have been established by the efforts of many investigatorsl-5.
On the other hand, non-equilibrium polycondensation is a new process and, therefore, not fully explored; its principal regularities are now being cleared up. The purpose of this paper is an attempt to consider results achieved in this fie1d.
TYPES OF NON-EQUILIBRIUM PROCESSES4
Now, many non-equilibrium polycondensation processes are known: interfacial polycondensation, polycondensation in solution (as weil as dehydropolycondensation), polyrecombination and polycyclization. Let us briefly characterize the general mechanism of these non-equilibrium polycondensation reactions. ·
lnterfacial polycondensation
This process, developed by Morgan6 occurs near the interface of two immiscib1e liquids, for instance, water and hydrocarbon. This process has made possible the synthesis of a number of new polymers and, therefore, has attracted a great deal ofattention as a method ofsynthesis ofpolyamides, polyesters and many other polymer types by reaction that, in the case of polyamides, proceeds as follows:
Interfacial polycondensation is based on acylation reaction of diamines or bis-phenols while reacting acyl chlorides in the presence of aqueous alkali. The main feature of this reaction is the possibility of using such active starting substances as dicarboxylic acid chlorides and, thanks to this fact, a high reaction rate is achieved.
The general mechanism of interfacial polycondensation has been investigated in detaiF. In practice, some polymers-polycarbonates, polyamides, polyurethanes, polyarylates and others-have been obtained by this method.
FEATURES OF NON-EQUILIBRIUM POLYCONDENSATION
The use of gaseous acid chlorides Ieads to a new modification of this process-gaseous polycondensation-regularities of which differ slightly from those mentioned earlierS.
Polycondensation in solution
Polycondensation in solution is the second variety of polycondensation processes proceeding in the presence of dicarboxylic acid chlorides. This reaction can be carried out both at low and higher temperatures. Bisphenols heated with dicarboxylic acid chlorides were used with success by Korshak and Vinogradova9 for synthesis of polyarylates (polyphenyl esters). In this case, high boiling solvents were used (dinyl, ditolyl methane, sovol and so on) and, therefore, it was possible to lower the melt viscosity and to obtain high molecular polyesters9. Kwolek and MorganlO have shown that by low temperature polycondensation in solution polyamides, polysulphamides, polyesters and polyurethanes can be prepared using tertiary am1nes.
Dehydropolycondensation
Another example of non-equilibrium polycondensation-dehydropolycondensation-has recently been used for synthesis ofhigh polymers. In this case, the hydrogen splits off as in the synthesis of organo-boron polymers:
Oxidative dehydropolycondensation
This process is based on oxidation of hydrocarbons and their derivatives with oxygen and similar oxidants.
By oxidative dehydropolycondensation we have prepared "carbyne" from acetylene through the reactionll:
"Carbyne" is a new earlier unknown form of carbon. Many investigators 12 -14 have employed this reaction on diacetylene compounds of HC = C-R-C = CH type and prepared a great number of new linear polymeTs containing triple bonds in the chain parallel with phenyl and other groups of general formula:
Another examples is the formation of polyphenylene by oxidation of benzene discovered by Kovacic and K yriakis16 and proceeding in the following way:
Oxidative dehydropolycondensation allows the preparation of polyphenylene ethers by oxidation of 1,2-dimethyl phenol with air oxygen in the presence of pyridine complex of copperl7.
X

Polyrecombination
Recently more and more interest has centred araund methods for production of polymers from substances which are not monomer in the true sense of the word, that is, do not contain double bonds, cycles or other functional groups. One of the ways to solve this problern is the polyrecombination reaction discovered by Korshak, Sosin, and Chistyakoval8, in which saturated hydrocarbons, esters, ketones, amines, phenols, nitriles, aldehydes, alcohols, organo-element compounds and other materials can be converted to polymersl2, 19-21. Polyrecombination is a process of polymer synthesis that for diphenyl methaue can be described by the scheme:
Elementary processes in polyrecombination are the formation and the recombination of free radicals obtained by decomposition of the peroxide of t-butyl, benzoyl, etc.
The presence of hydrogen atoms easily split out by free radicals is characteristic of the monomers used in polyrecombinations. With two reactive hydrogen atoms the monomer gives a soluble polymer, with three or more hydrogenatomsinsoluble three-dimensional polymersi9 are formed.
Polycyclization
Polycyclization is a new reaction type which Ieads to polymers with cyclo-chain structure, among which there are a number of materials with high thermal stability. For the present we have a poor information on the mechanism of polycyclization, but already on its basis we can draw some conclusions and represent a scheme of general conversion mechanism that seems to be a two-stage process.
In initial stage it is a normal equilibrium reaction leading to polyamides, polyesters, polyhydrazones, and similar compounds that. depends on the structure of starting materials. The mechanism of this reaction stage does not differ in general from the known ones for similar conversions.
In the second stage the cyclization proper occurs, in other words, heterocycle closing, which is a characteristic feature of this reaction. This stage is already a non-equilibrium polycondensation because formation of stable cycles of aromatic character proceeding as an irreversible process takes place in it.
Thus, in polypyrazole formation first obtained by Korshak, Krongauz, Berlin and Gribkova22, 2 3, the intermediate product is a polyhydrazone forming by the reaction of bis-diketones with dihydrazines:
R R Polyhydrazone I t is known that the condensation reaction of carbonyl compounds with hydrazine is an equilibrium process. In the second stage the polyhydrazone is converted to polypyrazole in the reaction:
The same process was established by the polybenzoxazole synthesis performed by us24 and other authors25, 26 and proceeds with formation of intermediate polyamides during interaction of diamino-diphenols with dicarboxylic esters:
Further, polyoxamide formed in the first stage is converted to polybenzoxazole by cyclization. Bothin this case andin the former the reaction can be carried out through an intermediate product or directly with end product formation.
The development of polycyclization reactions was stimulated with investigations of Marvel27 and other authors and resulted in the preparation of many polymers containing heterocycles in the chain such as triazole28, imidazole 2 7, 29-31, pyrazole22, 23, oxadiazole32, 33, oxazole24-26, triazine35, thiazole,34 pyramellit imide36 etc.
EXCHANGE REACTIONS
The difference between non-equilibrium and equilibrium polycondensation consists in that the former has no exchange reactions. For this reason macromolecules formed in this process are not changing further, while in an equilibrium reaction exchange conversions occur affecting considerably the molecular weight distribution of resulting polymers2.
Thus, on heating two samples of various polyamides the melting point gradually changed, as seen in Figure 1 , when the mixture of poly(hexamethylene adipamide) with poly(hexamethylene isophthalamide) was heated15. Time, h The melting point is lowered until it achieves that of the corresponding copolymer, the mixed polyamide37. The mix.ture of two homopolymers is then converted to a copolymer through a block copolymer existing for a limited time as shown in Figure 2 .
FEATURES OF NON-EQUILIBRIUM POL YCONDENSA TION
The same reactions occur while heating mixtures of various polymers such as polyamides and polyesters. Above 280°, and at 260° in the presence of catalysts, polyamide-polyester mixture is converted to a copolymer, polyamidoester, with a change in melting point and solubility ofthe mixture of initial polymers38, Figure 3 shows the change in the content of the part soluble in benzene on heating poly(hexamethylene sebacamide) with poly(hexamethylene sebacate) at various temperatures. 
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Time,h As can be seen from this figure exchange reactions occur at 280° and above producing a polyamidoester insoluble in benzene.
Exchange reactions proceed with coordination polymers of chelate type particularly easily. As has been found by Korshak, Vinogradova and Vinogradov40, 41 a shot heating of dilute polymer solution causes degradation to cyclic oligomers: X However, heating these cyclic oligomers in more concentrated solutions leads again to the initial polymer.
On the other hand, on heating the mixture of substances obtained by polycyclization no exchange reactions take place. Thus, after heating a mixture of two poly-( 4-amino-1 ,2,4-triazoles) formed by polycondensation of hydrazinein the first case with adipinic acidandin the second case with sebacic acid for 20 hours at 270°, unchanged initial polymers were isolated, which is evidence of the absence of exchange reactions28, Korshak, Chelnokova and Shkolina have shown that only by polycondensation ofhydrazine with a mixture of two dicarboxylic acids was it possible to prepare mixed poly-(4-amino-1,2,4-triazoles)28. The absence of exchange reactions seems alsotobe connected with properties and structure ofthe resulting polymer39.
THE NON-EQUIV ALENCE RULE FOR FUNCTIONAL GROUPS
The molecular weight of polymers obtained by polycondensation depends first of all on th e ra tio of starting ma terials in the case of the reaction between two different components. Here "the non-equivalence rule for functional group3" is valid, according to which excess of one of the components, if it is not taken away during the reaction, gives rise to a lowering ofthe molecular weight by the magnitudeproportional to the excess value.
If this reaction is represented as a general formula:
the equivalence coefficient for this correlation will be as follows42: Figure 4 illustrates the relationship between equivalence and polymerization coefficients ofthe resulting polymer. From this figure it can be seen that the closer the ratio of starting substances to the equivalence, the greater the This correlation proved to be true of most equilibrium and non-equilibrium polycondensations studied as can be seen from Figure 6 , where the results of synthesis of poly-[2,2' ( octamethylene)5,5' -bibenzimidazole] with an excess of each of the starting materials are given31, Excess of diphenyl sebacate, moles% Figure 6 . Dependence of reduced viscosity of polybenzimidazoles on the ratio of starting substances Andin this case the excess of each of the starting materials lowers the molecular weight of the polymer formed. In addition, it should be noted that this excess plays another part in an equilibrium polycondensation. I t gives rise to the destruction of growing chains and affects the polydispersity of polymers diminishing it. The fact that, in practice, the molecular weight growth ceases at relatively low stages of polycondensation, and for this reason, the curve appearance differs from the theoretical one illustrated in Figure 5 , can be explained by the occurrence of some side reactions as well, frequently by incomplete use of functional groups. Therefore, the observed relationship between the molecular weight and the excess of starting materials will be as illustrated in Figure 7 . interfacial polycondensation is represented in Figures 9-12 . Figure 9 shows how addition of butyryl chloride lowers the molecular weight of the poly~ amide formed by the reaction of hexamethylene diamine with adipinyl chloride7. A similar effect is achieved by introduction of butylamine into this reaction as can be seen in Figure 10 . In polycondensation of diane- Butyl amine. moles % Figure 10 . Variation ofthe molecular weight ofpolyamide with addition ofvarious amounts of n-butyl amine ( 4,4'-dioxydiphenyl-2,2-propane) with isophthalic chloride the addition of benzoyl chloride or phenol also lowers the molecular weight7 (Figures 11  and 12 ).
In polyrecombination there is a similarity between molecular weight ofresulting polymer and the peroxide amount used19. Figure 13 shows calculated and experimental correlation between the molecular weight ofpoly( diphenyl methylene) and the peroxide amount used.
As can be seen from this figure, the highest molecular weight is achieved by the peroxide use of as much as 2 moles per mole of starting hydrocarbon. 
MOLECULAR WEIGHT DISTRIBUTION OF POLYMERS
Polymers obtained by non-eq uilibrium polycondensation have a wider molecular weight distribution than polymers produced by equilibrium methods. Investigations of a number of polymers obtained in these two ways show a considerable difference in polydispersity depending on the nature of synthesis. Thus, with polyarylates formed by interfacial polycondensation or by reaction in solution at a higher temperature, it was found that in the first case there is a wider distribution than in the second. To characterize this difference it may be mentioned that the polydispersity coefficient latter. In Table 1 data are given obtained on polyarylate samples prepared by polycondensation of isophthalyl chloride with two bis-phenols under various conditions44. I t should be noted that in equilibrium polycondensation the polydispersity coefficient of polyester approximates to unity.
For polyarylates prepared by interfacial polycondensation the molecular weight distribution comes near to that suggested by Floryl. Investigation has shown that the polydispersity ofpolymers obtained by polyrecombination is even higher. The molecular weight distribution in poly (diphenyl methylene) is very wide 21 ( Figure 14) . The polydispersity coefficient ofthispolymer proved to be equal to 43, resembling, in this connection, a high pressure polyethylene.
